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Introduction
The role of commercial property in multi asset portfolios has been examined from two main perspectives. First, the allocation to property in asset allocation models has been considered extensively (for example, Fogler, 1984; Firstenberg et al., 1988; Hamelink and Hoesli, 1996; MacGregor and Nanthakumaran, 1992; Ross and Zisler, 1991; Webb et al., 1988) . The general conclusion is that property offers diversification benefits although there are substantial concerns about the appraisal based data used for property. Second, property has been considered as a hedge against inflation (see, for example, Barber et al., 1997; Brown, 1991; Brueggeman et al., 1984; Hartzell et al., 1987; Hoesli, et al., 1997; Limmack and Ward, 1988; Liu et al., 1997) . These studies on inflation hedging have found varying degrees of support for property as a hedge against both expected inflation and unexpected inflation. 3 Such findings are important considerations for institutional investors. In contrast, surprisingly little work has been done on the ability of property to contribute to asset/liability matching of institutional investors through measures of its duration. A prime consideration for pension funds and insurance companies is their ability to meet their contractual liabilities as and when they become due. In this context, the institutional objective is to maximise the surplus (of the value of assets over the value of liabilities) subject to an acceptable level of volatility of that surplus.
Investors attempt to achieve the objective of asset/liability matching through the principle of immunisation that ensures assets and liabilities are matched and the risk of any shortfall is thereby avoided. Redington (1952) introduced the use of duration to immunisation. Duration measures the sensitivity of an asset's value to changes in interest rates. The concept of duration was earlier developed by Hicks (1939) and Macaulay (1938) . Redington pointed out that, in order to avoid any risk of a shortfall, the mean duration of assets must be equal to the mean duration of liabilities.
Therefore, duration matching is seen as a risk minimising strategy in pension fund management.
Extensive work has been done on the duration of bonds but extensions to property and equity are somewhat limited, although the principles are applicable to both asset classes. The present paper considers the duration of both property and equities as investment classes, although its focus is on the former. More specifically, it has the following objectives:
• to derive formulae for the duration of property and to examine the variation in duration with lease structure;
• to derive formulae for the duration of equities and to compare equity and property durations; and • to derive empirical estimates for the duration of property and equities. 4 The paper is structured as follows. In section 2, the literature on the duration of property is reviewed. Section 3, develops duration formulae and analyses the variation in duration with lease structure, discount rates and growth rates. In section 4, the empirical results are presented and finally, in section 5, some conclusions are given. Macaulay (1938) developed the concept of duration in his seminal analysis of interest rates and bond prices in order to find a more meaningful measure of life or longness of a bond than its term to maturity. He recommended a weighted average of the time to each bond payment where the weights were the present values of each of the payments as a percent of the price of the bond. Duration is, thus, measured in units of time.
Literature review
In 1939, Hicks showed that duration is equal to the elasticity of the value of a stream of payments with respect to the discount factor 1/(1+r). This study, and later work, which showed that the duration and the elasticity are equal, implicitly assume that the income receivable is unaffected by changes in the interest rate. This assumption is valid only for bonds where the income is fixed. Hicks also noted that the relative prices of two income streams are invariant to changes in interest rates if the two have the same elasticity. Samuelson (1945) in analysing the effects of interest rate changes on capital values of financial institutions came to a similar conclusion. He used the term weighted average distribution for duration and concluded that increased interest rates would help any organisation whose (weighted) average time period of disbursements is greater than the average time of its receipts. In a study of life offices, Redington (1952) computed first derivatives of the values of inflows and outflows with respect to interest rates and called the derivative 'mean term'. He concluded that the existing 5 business is immune to a change in interest rates when the mean term of assets equals the mean term of the liabilities.
Most work on duration has focused on bonds because of their sensitivity to changes in interest rates (Bierwag et al., 1990) . It has been shown that duration is a measure for the elasticity of price with respect to interest rates. For most bonds, duration varies directly with maturity. Duration and coupon vary inversely. (For a complete review of the application of duration analysis to bonds see Bierwag et al., 1983; and Bierwag et al., 1988.) .
Equity duration has been derived mainly from dividend discount models (DDM) that assume constant growth in dividends into perpetuity. In most studies, the assumption is made that changes in interest rates have no effect on the dividend income (for example, see Casabona et al., 1984; Ludvik, 1990) . Ludvik estimates duration of 22.2 and 16.7 years, respectively, for equities and property. These estimates are simply the reciprocals of the income yield of 4.5% and 6% for equities and property.
In a discounted cash flow model, the discount rate may change due to changes in the real rate of interest, expected inflation or the risk premium. The estimates which ignore the impact of inflation flow-through on the cash flows produce very high durations (see Diermeier, 1990; Feldstein, 1980; Hoesli et al., 1997; Modigliani and Cohn, 1979 for a discussion of the impact of inflation on cashflows). However, if the cash flows are adjusted to allow for increased expectations of inflation, the effect on the capital value will be much lower. According to Leibowitz et al. (1989, 30- Leibowitz (1986) estimates duration of 2.19 for the US equity market. A similar approach, which allows for inflation flow-through, has been adopted for the study of the duration of property. In the UK, Ward (1988) derived formulae for the duration of property based on a discounted cash flow model. He simulated a range of values for property duration assuming sensitivity of rental growth to interest rates of 0, 0.5 and 1. These rates are similar to inflation flow-through rates (∂g/∂r). The estimates for freehold property ranged from 9.33 to 36.05. Interestingly, the extreme high values were obtained for an inflation-flow through rate of zero. Ward claims that, where positive growth is expected, the duration of property is longer than the equivalent bond. However, this observation appears to be at odds with a priori expectations since bond income is fixed whereas property income can vary with changes in expectations of inflation. Hartzell et al. (1988) employed a cash flow valuation model to study the duration of US commercial real estate. They concluded that real estate investors have some control over the duration of the asset through the lease contracting process. Furthermore, they showed, through simulation, that the duration of real estate can vary from 0 to 6 depending on the type of lease contract. They also estimate implied inflation flow-through rates that vary between 0.51 and 1.00 with varying lease terms. Adams et al. (1993) , in a study which examined the theoretical volatility of UK commercial property values, assumed no links between changes in interest rates and growth in rental values, that is a zero inflation flow-through rate. Their results must be viewed with this restriction in mind, since evidence shows inflation flow-through rates to be positive and above 0.50 in value in most instances. Adams et al. (1999) extend the work using the same basic framework.
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In summary, very few studies have been undertaken on the duration of commercial property while there has been relatively more research into the application of duration to equities. These studies show that the values of both asset classes are affected by changes in the interest rates arising from changes in expectation of inflation.
However, price volatility is often dampened due to the effect of increased inflationary expectations on the cash flows of the assets. In addition, the duration of property is affected by the nature of the lease contract.
The duration of commercial property
In the UK, commercial property is usually let on a long lease (15 -25 years) with upward-only rent reviews at intervals of five years. When the rent paid is equal to the estimated rental value, the property is said to be 'fully let'. However, between rent review dates, the rent payable will normally be less than the estimated full rental value and this type of property is known as a 'freehold reversion' or as an 'underrented' property.
In the early nineties, the rental values of commercial and industrial property in the UK fell due to the oversupply of space created by overbuilding in the late eighties. This was a rare phenomenon that occurred after years of growth in nominal rental values. Since lease terms in the UK allow for the revision of rents only in an upward direction, the tenants who had already entered into tenancy agreements were unable to take advantage of declining rents at reviews and were required to pay the originally contracted rent. This led to many properties being rented at values higher than the prevailing market rentals. Such properties are described as 'over-rented'. These properties will remain over-rented until market rental values catch up eventually with rents paid through rental growth or until the lease comes to an end. Under these conditions, uncertainty surrounds both expected future rental growth and the markets discount rate. The greater dependence on current income and the relatively lower certainty with respect to future returns will result in the duration of over-rented properties being lower than the duration for comparable fully-rent properties.
8 Ward (1988) derives formulae for the duration of fully let freehold property and for leasehold property. In the present paper, the formula for a freehold reversion is derived, both because reversions are more commonly found than fully let investments and because a fully let freehold property is a special case of this general formula which can also be used for the derivation of over-rented property. The formula for a fully let freehold can be derived from that of a reversion in a straightforward manner.
Furthermore, the duration of an equity or a bond can readily be obtained from the duration formula of a reversion. The duration formula for a reversion also allows an investigation into the scope for the management of duration through differential leasing.
The main interest of this paper is asset price volatility as measured by the elasticity of price or capital value to changes in the discount rate. The relationship between elasticity (e) and duration (D) is given by:
The general formula expressed in equation (1) can be used to derive the duration of a freehold reversion. This equation represents the average sensitivity of an asset's value to changes in the discount rate over the asset's holding period. The capital value V, of a freehold reversion can be expressed by:
where: R is the rent paid for the property; F is the current estimated rental value, R< F; t is the length of the term (the numbers of years before the next rent review or 9 rental change); g is the growth rate in rental values (assumed constant); n is the rent review period; and r is the risk adjusted discount rate.
The above equation has two parts, comprising the value of the term (for which the rent is fixed) and the value of the reversionary part, which is the capital value of an infinite stream of payments which are revisable to the open market rent at each rent review. Differentiating the term and the reversionary part with respect to r and using
(1), the duration of the term is given by (see the appendix for full derivations):
The duration of the reversionary part is given by: 
From the durations of the constituent parts of equation (2), the duration of a freehold reversion can be derived from:
where:
and: 
The above equation represents the Macaulay duration. The modified duration which is a more direct measure of volatility, can be calculated by dividing the Macaulay duration by (1+r). In equation (8), δg/δr is the inflation flow-through (or the growth sensitivity to discount rates). The inflation flow-through parameter gives an indication of the responsiveness of the cash flows of the investment over the holding period to small changes in the discount rate.
Formula (8) is identical to the one derived by Ward (1988) .
For equity investments, the duration can be obtained by substituting n = 1, since dividend income can be varied at each payment period. Equity duration is therefore:
If the simplifying assumption of a zero inflation flow-through (∂g/∂r = 0) is made, the familiar duration formula for equities is obtained:
Results of simulations

Freehold reversions
As explained at the beginning of section 3, an over-rented property is one where the rent passing is greater than the full rental value. In order to study the variation in duration of freehold reversions with lease terms, the duration of a reversionary property was calculated for different lengths of term (t) and for different levels of rental uplifts measured by the ratio R/F. The term of the reversion was made to vary from one year to 30 years. The rent passing (R) for the property was taken as 100 and the full rental value (F) was allowed to take the values 120, 150 and 180. In calculating the duration, the discount rate r and the rental growth rate g were kept at 10% and 4% respectively. In line with standard UK market practice, a value of five was assumed for the rent review period n.
The results of the simulations are shown in Table 1 for different values of the inflation flow-through rate (∂g/∂r). The table shows that freehold reversions exhibit many bond-like features. These may be summarised as follows:
• duration increases with the term to reversion (t);
• duration is higher, the lower is the R/F ratio; and
• duration is higher, the lower is the inflation flow-through (∂g/∂r).
The first and second effects are similar to the well-known maturity and coupon effects found in bonds. The cash flows during the term of a freehold reversion are fixed and exhibit bond-like characteristics while the reversion displays equity-like characteristics. Although duration increases with the term, the increase within the normal rent review cycle of five years is not great. The term of the freehold reversion must exceed 20 years to have an appreciable increase over the duration of a four year term. Such terms under modern lease regimes are extremely rare. 
Over-rented Property
The duration of over-rented property was calculated using the same set of equations used in the calculation of under-rented property. The only difference in the application being the term (t) for which the passing rent will continue to be paid had to be calculated given the ratio between the passing rent R and the full rental value F (Note: for over-rented property F<R). To facilitate comparison with under-rented property (see Table 1 ) the same growth and discount rates (g = 4%, r = 10%) are used.
13 Table 2 considers the duration in 1998 of an over-rented property with rent passing R = 100 and full rented value F = 60. It is assumed that the property was let at the peak of the property boom in 1988 on a 25 year lease that provides for rental changes in an upward-only direction at intervals of five years. The property is currently overrented by 66.7% ([100-60]/60). Assuming a rental growth rate of 4%, it will take 13 years (year 2011) for the market rental to catch up with the rent paid. Since the lease provides for rental changes only at intervals of five years from 1988, no change to the rent can be effected until the year 2013 which, by coincidence, is also the year the 25 year lease will come to an end. This would mean the passing rent of 100 would continue for another 15 years. In Table 2 , the duration is, therefore, given for a term of 15 years with flow-through rates ∂ g/∂ r varying from 0 to 1 in steps of 0.25. The figures in Table 2 show that, for the over-rented property, the durations vary appreciably as the flow-through rate varies from 0 to 1. These variations are more marked than those in Table 1 for under-rented property. Table 3 Tables 1-3 suggest that the divergence in duration is greater for over-rented and fully let property than it is for under-rented and fully let property (see Tables for r = 10% and g = 4%). This result indicates that over-rented property offers better scope for duration management. However, over-renting is a market phenomenon and the owner has no control over the degree of over-renting.
provides durations of fully let property (R = F). An examination of the figures in
The implication is that there is very little scope for the owner to vary duration by varying the terms of the lease. Under modern leasing arrangements where the norm is 14 for rent reviews at intervals of five years, terms of more than five years will be rare. properties by having a mix of low and high yielding properties. Examples of low and high yielding properties can be found respectively in the retail and industrial property sectors.
Fully let freehold property
A fully let property is one which is let at its full rental value, subject to rent reviews at regular intervals of time. In the UK, this period is five years. Equation (8) gives the duration of a fully let freehold property. 1 Table 3 shows simulated values of duration for the following values of the discount rate (r), rental growth rate (g) and inflation flow-through rate (∂g/∂r):
• discount rates: 9% to 13% in steps of 1%;
• rental growth rates: 2% to 6% in steps of 1%;
• rent review period: 5 years; and
• inflation flow-through: 0, 0.25, 0.5, 0.75 and 1.
A number of interesting observations can be made from the results:
• high growth or low yielding property tend to have high durations (except when ∂g/∂r = 1);
1 These calculations assume that the property is let on a long lease with upward only rent reviews. However, University of Aberdeen and IPD (1997) and DETR (2000) have shown that the average lease length in the UK is shortening. Evidence suggests that leases which have 10 or less years to expire will have up to a 2% rise on the all-risks yield [Crosby, Baum and Murdoch, 1996] . This rise in discount rate will cause a decrease in property durations. Another effect of the changing structure of leases is the shortening of the rent review period. In the event that this occurs, calculations with shorter rent review periods imply that duration decreases with the rent review periods.
In addition, the UK government is currently contemplating legislating against upward only rent reviews. The removal of the assumption of an upward only rent review clause may have two effects. Firstly, it may reduce the potential for rental growth. Secondly, it would also impact on the risk premium attached to property investments, pushing up discount rates. Lower rental growth and higher discount rates would combine to create lower durations.
• the lower the inflation flow-through (∂g/∂r), the higher is the duration; and
• duration varies inversely with the discount rate.
In Table 3 , the highest duration of 36.2 is found when the discount rate is 9%, the growth rate is 6% and ∂g/∂r is 0. In reality it is difficult to find property with such a low yield (about 3.17%) and no inflation flow-through. An income yield of around 6.5% -7% is more likely (which may be considered as the approximate difference between r and g), and thus the duration of property is more likely to fall within the range of 5 and 12 (for r = 12%; g = 5% and ∂g /∂ r = 0.25 -0.75). In section 4.6 an empirical estimate is made based on historical values of the inputs. Calculations were also undertaken for rent review periods of 3 and 7 years. These showed that duration increases with the rent review period but the magnitude of the variation is not very significant. For example, for a discount rate, r = 10%, growth 16 rate, g = 4% and inflation flow-through, ∂g/∂r = 0.5 the duration is 9.7, 10.1 and 10.5, for rent review periods of 3, 5 and 7 years, respectively.
Equity duration
The general formula for the duration of equity is given by equation (9). Equation (10) gives the formula when the assumption of independence between discount rate changes and dividend growth changes are made. The formula in equation (10) has been widely used to calculate the duration of equity in the region of 20. However, evidence shows that changes in expectations of inflation and changes in interest rates affect profits and dividends. The empirical estimates of equity show a much lower value (for example, see Leibowitz et al., 1989) . The simulated values of equity durations are shown in Table 4 . Clearly, the high values of equity duration are found when ∂g/∂r = 0. The following observations can be made from Table 4: • high growth (low yield) shares tend to have high durations, and
• duration of equities vary inversely with the value of ∂g/∂r. Table 4 compares the duration of property with that of equities. The figures express the ratio of equity duration to property duration. The figures for property duration are for a rent review period of 5 years. The figures show that for given values of r and g, property duration is marginally greater than equity duration except when ∂g/∂r = 0. This could be explained by the lagged response in the cash flows in the case of property due to the rent review period not being annual. In the calculations, it has been assumed that income from property can only be varied at intervals of 5 years.
A comparison of property and equity duration
However, this comparison has limitations since the same values cannot be assumed for the discount rate, r, growth rate, g, and the flow-through rate, ∂g/∂r for the two asset classes. A comparison of data on equity and property discount and growth rates reveal that both the discount rate and growth rate tends to be greater for equities (see Table 5 ). In addition to this empirical evidence, Hoesli and MacGregor (2000) 17 demonstrate that the discount rates are greater for equities. A comparison of data on equity and property discount and growth rates reveal that both the discount rate and growth rate tends to be greater for equities (see Table 5 ). In addition to this empirical evidence, Hoesli and MacGregor (2000) demonstrate that discount rates are greater for equities. 
Empirical estimates of duration
In this sub-section an attempt is made to estimate the duration of equity and property from historical data. From equations (8) and (9) it is evident that estimates are required for the discount rate, r, the growth rate, g, and the flow-through rate, ∂g/∂r.
In order to undertake this estimation, data for equities are drawn from the BZW Equity-Gilts study while property data come from the Investment Property Databank (IPD). The data cover a 27-year period from 1970-96.
The discount rates, r, for equities and property are taken as the redemption yield on a 20-year Government bond plus a risk premium of 3% and 2%, respectively 2 . For equities, the difference between the discount rate and the dividend yield is calculated for the 27-year period. This gives the implied long-term constant growth rate in dividends, g. Similarly for property, the average yields and the discount rates are used to calculate the implied long-term constant growth rates for the 27-year period.
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The mean values of r and g are used in the estimation of duration for the two asset.
The inflation flow-through parameter (∂g/∂r) measures the effect of inflation on the growth in share and rental income. Its value is difficult to estimate. Following similar analyses, it can be proxied by the cross correlation between r and g [for example, Hartzell et al., (1988) ], however the estimates will depend on how the leadlag structure is modelled. Alternatively, and arguable more technically correct, the relationship between g and r can be measured as the cross correlation between the change in r and change in g. Thus, the two versions of the inflation flow-through proxy are included in the duration calculations. The values used in the calculations are shown in Table 5 . Substituting these values in equations (9) and (8), gives the duration of equities as 8.65 and of property as 3.15
when the cross correlation between r and g are applied. Using the cross correlation between the change in the discount and growth rates increases the duration of equities to 24.81 while the duration of property rises only slightly to 3.57.
The substantial difference in the duration of equities arises because the inflation flowthrough parameter dramatically falls when r and g are differenced. This results in a negative value for the inflation flow-through. It can be shown that any increase in r arising from an increase in expected inflation will lead to an increase in the net cash flows received from an investment. This implies that the value for ∂g/∂r should be positive [Leibowitz et al., 1989] and questions the accuracy of this inflation flowthrough measure. As a check, OLS regression of equity prices (BZW, 1996) and discount rates (both expressed in logarithms) was undertaken. The slope of the equation gives a measure 20 of the elasticity. Since Hicks (1939) and later work, proved that elasticity and duration are equal (see equation 1), the estimation of elasticity using historical data will provide an appropriate measure of duration.
A similar equation was estimated for property and the results are summarised in The empirical estimates using the cross correlation between the discount and growth rates and the regression results are broadly in agreement with the findings of US studies based on regression which suggest a range of 2 -6 for the equity market and about 1 -4 for property (Leibowitz et al., 1989 and Hartzell et al., 1988) . It is also important to note that these estimates are much lower than those based on duration formulae that assume perfect independence between discount rates and dividends of shares or rents of property. However, while a useful check, the regression results must be treated with a degree of caution. The results from the bivariate regressions are likely to suffer from the 'omitted variables' problem since prices and capital values are likely to be influenced by a series of other variables in addition to longterm interest rates (see Chau et al., 1998) . Also, the summary diagnostic tests suggest that the regressions for equities and unadjusted property reject the assumptions of normality and serial independence while the model for de-smoothed property appears to have a heteroscedasticity problem.
Summary and conclusion
This paper has considered the durations of equities and property and, it is believed, this is the first attempt to compare the two assets. The formulae for the duration of the asset classes were derived. It was shown that calculations, which assumed, usually implicitly, that the flow-through of inflation to cash flow was zero, produced misleadingly high durations for property and equities. These were typically in the range 15 to 25 years.
Simulations using the formulae also showed that property has some bond-like characteristics. Attempts at empirical estimation produced results which indicated that, for realistic flow-through rates, equities tend to have a higher duration than property. However, the flow-through rate emerged as the most important variable in the estimation of equity duration. This necessitates further work to estimate robust values for the crucial flow-through parameters.
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Using historical data, equities' duration was estimated at 8.65 years and property's at 3.15 years. These are substantially lower than those commonly cited 5 . If these values can be substantiated, and if higher values are used in practice, immunisation strategies may need to be reconsidered.
Finally, it should be noted that duration measures the responsiveness of values/prices for only very small changes in the interest rates. A more complete measure for volatility should combine duration with convexity. This would allow a finite variation in the interest rates to be studied.
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Appendix: Derivation of formula for the duration of a freehold
The value (V) of a freehold reversion is given by: where: R is the rent paid for the property; F is the current estimated rental value, R < F; t is the length of the term ( the numbers of years before the next rent review); g is the growth rate in rental values (assumed constant); n is the rent review period; and r is the risk adjusted discount rate.
The rent R will be paid for a period of t years (t < n), at the end of which period the owner will be able to revise the rent to the prevailing full market rental. The rent of the property is reviewed at intervals of n years. Usually, n equals 5 for UK commercial leases. Equation (A1) may be rewritten in the following form:
V R y F u v w = ⋅ + ⋅ ⋅ ⋅ (A2)
where: R⋅ y is the value of the term (V T ) and F⋅ u ⋅v⋅ w is the value of the reversion (V R ).
The duration of the reversion can be derived by differentiating the Equation (A1) with respect to the discount rate (r).
Thus, for the term: 
